(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(11) EP 1 150 168 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

31.10^001 Bulletin 2001/44 

(21) Application number 01110055.9 

(22) Date of filing: 27.04.2001 



(51) Intci7: G03F 7/16, B05D 1/00 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Ito, Shinichi, Toshiba K.K Intellectual Property 


MC NL PT SE TR 




Minato-ku, Tokyo 105-8001 (JP) 


Designated Extension States: 


• 


Okumura, Katsuya, Toshiba K.K intellectual 


AL LT LV MK RO SI 




MInato-ku, Tokyo 105-8001 (JP) 


(30) Priority: 27.04.2000 JP 2000127953 


(74) Representative: HOFFMANN - EITLE 


11.10.2000 JP 2000311124 




Patent- und Rechtsanwalte 






Arabellastrasse 4 


(71) Applicant: KABUSHIKI KAISHA TOSHIBA 




81925 IVIQnchen (DE) 


Kawasaki-Shi (JP) 







(54) Film formation method, semiconductor element and method thereof, and method of 
manufacturing a disk-shaped storage medium 



(57) Relative movement occurs between the in- 
process substrate (1 00) and the dropping section (1 22). 
While the substrate Is rotated, the dropping section 
(122) is relatively moved from an approximate center of 
the substrate toward an outer periphery thereof. While 
the dropping section (1 22) relatively moves from the ap- 



proximate center of the in-process substrate (100) to- 
ward the outer periphery, the rotational frequency w for 
the substrate is decreased so that the solution film 
should not move due to the centrifugal force applied to 
a dropped solution film. Concurrently, feed rate v for the 
liquid from the dropping section (122) is increased to 
form a solution fiim on the in-process substrate (1 00). 
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Description 

[0001] The present invention relates to a method of 
forming a film by spirally dropping liquid on an in-proc- 
ess substrate. 

[0002] The spin coating method has been convention- 
ally used for a lithography process. This method dis- 
cards most of liquid dropped on a substrate outside it 
and only uses a few percent of the remaining liquid for 
film formation. Much solution to be used is wasted and 
discarded, causing environmentally unfavorable ef- 
fects. When the method is applied to a square substrate 
or a large circular substrate 1 2 inches or more in diam- 
eter, turbulence occurs at an outer periphery of the sub- 
strate, causing the film thickness to be partially uneven. 
[0003] There are disclosed several methods of evenly 
applying solution on the entire surface of a substrate. 
Jpn. Pat. Appln. KOKAI Publication No. 2-220428 de- 
scribes the technique of providing a uniform film by drop- 
ping resist from many nozzles arranged in a row and 
spraying a gas or liquid onto a film formation face from 
the rear. In Jpn. Pat. Appln. KOKAI Publication No. 
6-151295, a rod has many spray nozzles from which re- 
sist is dropped on a substrate to provide a uniform film. 
Jpn. Pat. Appln. KOKAI Publication No. 7-321001 de- 
scribes the technique of using a spray head having 
many spray holes for coating by moving the spray head 
relative to a substrate. AH of these coating apparatuses 
aim at providing a uniform film by arranging a plurality 
of dropping or spray nozzles in a row and scanning them 
along a substrate surface. 

[0004] In addition to the above-mentioned coating 
method using an apparatus having a plurality of nozzles, 
there is provided a technique of forming a solution film 
by using a single liquid discharge nozzle and scanning 
it above an In-process substrate. This technique causes 
the problem that a single substrate requires a long proc- 
ess time or a large amount of solution to be used de- 
pending on how a nozzle is operated. 
[0005]- For solving these problems, Jpn. Pat. Appln. 
KOKAI Publication No. 2000-77326 discloses the coat- 
ing technique by spirally supplying solution. This publi- 
cation contains the description that, as coating condi- 
tions, it is desirable to perform coating by rotating a wa- 
fer at a low speed (say. 20 to 30 rpm) and moving a noz- 
zle unit along a diameter direction (say, an X-direction) 
of this wafer. Another description Is that It is important 
to keep a relative speed between a wafer and a nozzle 
unit constant. Namely, it is described that a nozzle's lin- 
ear speed should be constant. 

[0006] When the nozzle unit is moved at a constant 
speed, it is required to increase a rotational frequency 
inside an outer periphery of the nozzle for keeping the 
linear speed constant. When a 200 mm wafer Is used, 
for example, a rotational frequency is assumed to be 30 
rpm for a 100 mm radius. The rotational frequency is 
proportional to the reciprocal of the radius. The wafer 
needs to be rotated at 3,000 rpm for a radius of 1 mm 



or less. When the wafer is rotated at 3.000 rpm. the so- 
lution is instantaneously ejected outside the substrate 
even if the liquid coating starts from the center. 
[0007] When the wafer is rotated at a constant low ro- 

5 tational frequency, a nozzle movement speed is very 
high at the center of the substrate. Even if a vibration is 
applied after coating to move the liquid, it is moved in- 
completely causing an uncoated region at the center, 
making it impossible to form a unifonm film. There is the 

10 problem that discharging the solution at a constant lin- 
ear speed disables formation of a solution film. 
[0008] With respect to film fomiation technology in- 
volving spirally supplying solution on an in-process sub- 
strate, it is an object of the present invention to provide 

15 a method of controlling a discharge of solution outside 
the In-process substrate and uniformly forming a film. 
[0009] For achieving the above-mentioned object, the 
present invention is organized as follows. 
[0010] (1) A film formation method according to the 

20 present invention is a method of forming a solution film 
on an in-process substrate by using a dropping section 
for dropping liquid and an in-process substrate just un- 
der the dropping section, maintaining the liquid dropped 
from the dropping section on the in-process substrate. 

25 and relatively moving the in-process substrate or the 
dropping section, wherein: relative movement between 
the In-process substrate and the dropping section 
means rotating the substrate and relatively moving the 
dropping section from an inner periphery of the sub- 

30 strate toward an outer periphery of the substrate; rela- 
tive movement between the in-process substrate and 
the dropping section means rotating the substrate and 
relatively moving the dropping section from an inner pe- 
riphery of the substrate toward an outer periphery of the 

35 substrate for spirally dropping the liquid on the in-proc- 
ess substrate; rotational frequency w for the substrate 
is decreased so that a centrifugal force applied to a 
dropped solution film should not move the dropped so- 
lution film in accordance with relative movement of the 

40 dropping section from the inner periphery of the in-proc- 
ess substrate toward the outer periphery and feed rate 
V for the liquid from the dropping section is increased to 
form a solution film on the in-process substrate; other- 
wise, relative movement between the in-process sub- 

45 strata and the dropping section means rotating the sub- 
strate and relatively moving the dropping section from 
the outer periphery of the substrate toward the inner pe- 
riphery of the substrate; relative movement between the 
in-process substrate and the dropping section means 

50 rotating the substrate and relatively moving the dropping 
section from an outer periphery of the substrate toward 
an inner periphery of the substrate for spirally dropping 
the liquid on the in-process substrate; and rotational fre- 
quency w for the substrate is increased so that a cen- 

55 trifugal force applied to a dropped solution film should 
not move the dropped solution film in accordance with 
the relative movement of the dropping section from the 
outer periphery of the In-process substrate toward the 
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inner periphery and feed rate v for the liquid from the 
dropping section is decreased to fonn a solution film on 
the in-process substrate. 

[0011] Although a centrifugal force applied to a 
dropped solution film should not move the dropped so- s 
lution film as mentioned above, this does not apply to 
the case where the solution spreads due to fluidity by 
the gravity. 

[001 2] Several preferred embodiments of the present 
invention are described below. io 

(a) When the dropping section is positioned at dis- 
tance r from a center of the in-process substrate, 
feed rate v for the liquid from the dropping section 

is detennined in accordance with rotational fre- is 
quency w for the in-process substrate so that a con- 
stant value is maintained for the product of rotation- 
al frequency w by feed rate v of the substrate sup- 
port. 

(b) Rotational frequency wO is assumed for an in- 20 
process substrate when the dropping section is po- 
sitioned to radius R on the in-process substrate and 
feed rate vO is assumed for the liquid when the drop- 
ping section is positioned to distance r f rom a center 

of the in-process substrate center; and when the 25 
substrate is positioned at the distance r, rotational 
frequency w for the substrate is determined by the 
product of the square root of (R/r) by wO and feed 
rate v is determined by vO divided by the sq uare root 
of (R/r). 30 

(c) When the in-process substrate is a disk-shaped 
substrate with radius R (mm), the dropping section 
drops liquid at the outmost periphery of the sub- 
strate and a rotational frequency (rpm) for the sub- 
strate is smaller than a square root of 1 ,000,000/R. 35 

(d) When the in-process substrate is a disk-shaped 
substrate 200 mm in diameter, the dropping section 
drops liquid at the outmost periphery of the sub- 
strate and a rotational frequency for the substrate 

is 99 rpm or less. 40 

(e) When the in-process substrate is a disk-shaped 
substrate 300 mm in diameter, the dropping section 
drops liquid at the outmost periphery of the sub- 
strate and a rotational frequency for the substrate 

is 81 rpm or less. 45 

(f) Relative movement of the dropping section from 
an inner periphery to an outer periphery or from an 
outer periphery to an inner periphery of the in-proc- 
ess substrate is controlled to move for a specified 
pitch per revolution of the substrate. so 

(g) The dropping section includes a plurality of dis- 
charge openings for discharging liquid; and a dis- 
charge rate of the dropping section and a rotational 
frequency of the in-process substrate are deter- 
mined by an average of displacements for a plurality ss 
of discharge openings. 

(h) The liquid is one selected from the group con- 
sisting of a solution containing anti-reflection used 



for an exposure process, a solution containing a 
photosensitive material, a solution containing a low- 
dielectric material, a solution containing a fen^oelec- 
tric material, a solution containing a electrode ma- 
terial, a solution containing a pattern transfer mate- 
rial, a solution containing a magnetic material used 
for a disk-shaped storage medium, and a solution 
containing a light absorptive/reactive material used 
for a disk-shaped storage medium, 
(i) The in-process substrate with the solution film 
formed thereon is exposed under a pressure lower 
than a steam pressure at a process temperature for 
a solvent in the solution film, and the solvent Is dried 
and removed to form a solid layer. 
G) The formed solution film is dried with vibration 
applied to form a solid layer having an almost flat 
surface. 

(k) The in-process substrate with the solution film 
formed thereon is exposed to a current of air to dry 
and remove the solvent in the solution film for form- 
ing a solid layer. 

(I) A method of manufacturing a disk-shaped stor- 
age medium forming the solid layer on the in-proc- 
ess substrate by using the film formation method, 
wherein the solid layer is a magnetic film or a light 
absorbent/reactive film. Disk-shaped storage me- 
dia includes compact disks, MInlDiscs, digital video 
disks, hard disks, and the like, 
(m) A region including an approximate center on the 
in-process substrate prevents a solution film from 
moving due to the centrifugal force applied to a 
dropped solution film by partially blocking liquid dis- 
charged from the dropping section so as not to 
reach the in-process substrate for droplet amount 
adjustment, 

(n) Relative movement of the dropping section from 
the inner periphery of the in-process substrate to- 
ward the outer periphery corresponds to relative 
movement of the in -process substrate from an ap- 
proximate center toward the outer periphery. Rela- 
tive movement of the dropping section from the out- 
er periphery of the in-process substrate toward the 
inner periphery corresponds to relative movement 
of the in-process substrate from the outer periphery 
toward an approximate center, 
(o) A region including an approximate center of the 
in-process substrate is used in such a manner that 
the dropping section moves in a column direction 
from one end to the other in the region including an 
approximate center and moves in a row direction 
outside the region including an approximate center 
based on relative movement between the in-proc- 
ess substrate and the dropping section, and the 
dropping section supplies the in-process substrate 
with the solution at a feed rate v* to fonm a solution 
film. The feed rate v' is set so that it almost equals 
feed rate v for liquid spirally dropped just outside 
the region including an approximate center. 
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(p) A region including an approxinnate center on the 
In-process substrate prevents a solution film from 
nnoving due to a centrifugal force applied to a 
dropped solution film by partially blocking liquid dis- 
charged from the dropping section so as not to 
reach the in-process substrate for droplet amount 
adjustment. 

[0013] According to the above-mentioned organiza- 
tion, the present invention provides the following effects. 
[0014] According to the present invention, the feed 
rate v is increased for the liquid supplied from the drop- 
ping section. The rotational frequency w for the In-proc- 
ess substrate is decreased so that the solution film does 
not move due to a centrifugal force applied to the 
dropped solution film. The solution film does not move 
at the inner and outer peripheries. The in-process sub- 
strate is free from a region where no solution film is 
formed around the center. It is possible to form a unifonn 
solution film. 

[0015] A centrifugal force is proportional to the prod- 
uct of mass, distance from the rotation center, and the 
square of the rotational frequency. A vicinity of the rota- 
tion center causes a smaller centrifugal force applied to 
the solution film than that applied to an outer periphery. 
Accordingly, the rotational frequency is decreased at an 
inner periphery so that an increased rotational frequen- 
cy should not cause a centrifugal force to move the so- 
lution film. This does not move the solution film and does 
not generate a region where no solution film is formed. 
[001 6] The rotational frequency is decreased and the 
liquid feed rate is increased to provide the constant liq- 
uid feed quantity on the in-process substrate, fomning a 
unifonn solution film. 

[0017] The film fomnation according to the condition 
described in (a) can equalize the solution feed quantity 
per unit area. The condition described In (b) can deter- 
mine an in-process substrate's rotational frequency and 
a liquid's dropping rate. The solution film does not move 
due to a centrifugal force according to the conditions de- 
scribed in (c) to (e). Moving the dropping section based 
on the condition described in (f) can form a uniform film 
void of a region where no solution film is formed. Ac- 
cording to the condition described in (g), there is provid- 
ed a solution supply nozzle having two discharge open- 
ings each of which provides the same feed rate. When 
this nozzle is used, it is possible to fomn a uniform solu- 
tion film even If the same feed rate is applied to a posi- 
tioned discharge opening. The embodiment (h) shows 
an applicable scope of the liquid. According to the em- 
bodiments (i) and (k), it is possible to form a solid layer 
with a unifonn thickness from the solution film. The em- 
bodiment G) enables to form a solid layer with a unifomri 
thickness. 

[0018] When a solid layer is fomned according to the 

present invention, unifomiity of the film thickness Is Im- 
proved. Consequently, a semiconductor element con- 
taining this solid layer provides excellent electric char- 
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acteristlcs. 

[0019] When this method is used for coating a disk- 
shaped storage medium, it is possible to make the coat- 
ing film thickness uniform and improve the storage reli- 
5 ability. 

[0020] The solution is blocked for a substrate's center 
region where spiral coating is difficult, making it possible 
to equalize the solution feed quantity per unit area. 
[0021] Linear coating is performed for a substrate's 
10 center region where the spiral coating is diff teult, making 
it possible to equalize the solution feed quantity per unit 
area. 

[0022] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
15 vention may also be a sub-combination of these de- 
scribed features. 

[0023] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, In which: 

20 

FIG. 1 is a configuration chart showing a configura- 
tion of a film formation apparatus according to a first 
embodiment; 

FIG. 2 is a configuration chart showing aconfigura- 
25 tion of a solution supply nozzle constituting the film 

formation apparatus in FIG. 1 ; 

FIG. 3A Is a characteristic chart showing a rotational 

frequency of an in-process substrate with reference 

to a process time according to the first embodiment; 
30 . FIG. 3B is a characteristic chart showing a nozzle 

position with reference to a process time according 

to the first embodiment; 

FIG. 3C Is a characteristic chart showing a solution 
discharge rate with reference to a process time ac- 

35 cording to the first embodiment; 

FIG. 4 Is a plan view showing a nozzle movement 
direction for supplying a solution; 
FIG. 5 Is a configuration chart showing a configura- 
tion of a solution supply nozzle according to a sec- 

40 ond embodiment; 

FIG. 6 is a plan view showing how the solution sup- 
ply nozzle in FIG. 5 moves; 

FIG. 7A is acharacteristlcchart showing a rotational 
frequency of an in -process substrate with reference 
45 to a process time according to the second embod- 
iment; 

FIG. 7B is a characteristic chart showing a nozzle 
position with reference to a process time according 
to the second embodiment; 

50 FIG. 7C is a characteristic chart showing a solution 
discharge rate with reference to a process time ac- 
cording to the second embodiment; 
FIG. 8 is a characteristic chart showing a solution 
discharge rate with reference to a process time; 

55 FIG. 9 is a configuration chart showing a modifica- 
tion of the solution supply nozzle; 
FIG. 1 0A is a characteristic chart showing a rota- 
tional frequency of an in-process substrate with ref- 
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erence to a process time according to a third em- 
bodiment; 

FIG. 1 0B is a characteristic chart showing a nozzle 
position with reference to a process time according 
to the third embodiment; 

FIG. 1 0C is a characteristic chart showing a solution 
discharge rate with reference to a process time ac- 
cording to the third embodiment; 
FIG. 1 1 Is a configuration chart showing a configu- 
ration of a film fomnation apparatus according to a 
fourth embodiment; 

FIG. 12 shows a linear coating region and a spiral 
coating region on an in-process substrate accord- 
ing to the fourth embodiment; 
FIG. 13 shows a movement trail of the solution sup- 
ply nozzle in the linear coating region according to 
the fourth embodiment; 

FIG. 14 shows a movement trail of the solution sup- 
ply nozzle in the spiral coating region according to 
the fourth embodiment; 

FIG. 1 5 shows a movement trail of the solution sup- 
ply nozzle on the in -process substrate according to 
the fourth embodiment; 

FIG. 1 6 shows a trail of solution dropped from the 
solution supply nozzle when dots of dropped solu- 
tion are left in a region including the in-process sub- 
strate center for forming a solution film; 
FIG. 1 7A is a characteristic chart showing a rota- 
tional frequency of an in-process substrate with ref- 
erence to a process time according to the fourth em- 
bodiment; 

FIG. 1 7B is a characteristic chart showing a nozzle 
position with reference to a process time according 
to the fourth embodiment; 

FIG. 17C Is a characteristic chart showing a solution 
discharge rate with reference to a process time ac- 
cording to the fourth embodiment; 
FIG. 1 8A is a characteristic chart showing a rota- 
tional frequency of an In-process substrate with ref- 
erence to a process time according to the fifth em- 
bodiment; 

FIG. 1 88 is a characteristic chart showing a nozzle 
position with reference to a process time according 
to the fifth embodiment; and 

FIG. 18C is a characteristic chart showing a solution 
discharge pressure with reference to a process time 
according to the fifth embodiment. 

[0024] Embodiments of the present invention will be 
described in further detail with reference to the accom- 
panying drawings. 

[First Embodiment] 

[0025] FIG. 1 Is a configuration chart showing a con- 
figuration of a film formation apparatus used for the 
present Invention. 

[0026] As shown in FIG. 1 , an In-process substrate 



1 00 is mounted on a substrate support 1 20 which is con- 
nected to a drive system 121. revolving around a center 
of the substrate 100. Above the in-process substrate 
100, a solution supply nozzle 122 is installed. By dis- 
5 charging solution, the solution supply nozzle 122 is 
moveable in a diameter direction according to a nozzle 
drive system 1 23. The solution supply nozzle 1 22 is con- 
nected to a solution supply pump 125 which supplies 
the solution supply nozzle 122 with solution via a solu- 

10 tion supply pipe 124. Solution discharge from the solu- 
tion supply nozzle 122 is controlled by controlling a so- 
lution supply pressure from a solution supply pump 1 25. 
[0027] FIG. 2 shows a configuration example of the 
solution supply nozzle 122. As shown In this figure, the 

IS solution supply nozzle 122 includes a solution bath 201 
and a solution discharge opening 202. The solution bath 
201 temporarily reserves solution supplied from the so- 
lution supply pipe 124 connected to a solution supply 
pump 125. The solution discharge opening 202 dis- 

20 charges solution from the solution bath 201 . 

[0028] According to the nozzle drive system 123, the 
solution supply nozzle 122 begins moving almost from 
the center of the in-process substrate 1 00. The solution 
supply nozzle 122 moves to almost a substrate edge by 

25 successively supplying solution on the in-process sub- 
strate. A supply of the solution stops when the solution 
supply nozzle reaches the in-process substrate edge. 
Solution block functions 126a and 126b are provided at 
a movement start point and a movement stop point. The 

30 solution block function 1 26a at the movement start point 
blocks the solution discharged from the solution supply 
nozzle 122 to prevent the solution from reaching the in- 
process substrate 1 00. The solution is blocked until the 
rotational frequency of the substrate support 120, the 

35 movement speed of the nozzle drive system 123, and 
the speed of the solution discharged from the solution 
supply nozzle 122 reach specified values needed for 
starting the coating. The solution block function 126b at 
the movement stop point waits above the edge of the 

40 In-process substrate 100 for preventing the solution 
from being supplied to this edge. When the solution sup- 
ply nozzle 122 moves to the edge of the substrate 100, 
the solution block function 126b blocks the solution dis- 
charged from the nozzle 1 22 to prevent the solution from 

45 reaching the in-process substrate 100. 

[0029] While the solution is supplied to the in-process 
substrate 100, a rotation drive control section 128, a 
nozzle drive control section 1 27, and the solution supply 
pump 125 manage the substrate support 120's rotation- 

50 al frequency, the nozzle drive system 123's movement 
speed, and the solution discharge speed from the solu- 
tion supply nozzle 122. A controller 1 29 manages these 
control sections 125, 127, and 128 and is located up- 
stream thereof. 

55 [0030] Based on positional information for the solution 
supply nozzle 122 on the substrate, the controller 129 
determines the rotational frequency, the nozzle drive 
speed, and the solution discharge speed for the rotation 
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drive control section 128. The controller then issues 
commands to the rotation drive control section 128, the 
nozzle drive control section 1 27, and the solution supply 
pump 1 25. Based on the commands, these components 
operate to supply the solution spirally on the in-process 
substrate. When supplied on the in-process substrate, 
the solution spreads by the gravity and combines with 
an adjacent solution film to form a unified solution film 
101 on the in-process substrate. 
[0031] After the solution film 101 is formed, the in- 
process substrate 100 is subject to a process of drying 
and removing solventfrom the solution film. Drying tech- 
niques include heating, drying under reduced pressure, 
and contact with an air flow on the surface. 
[0032] Described below is an example of applying this 
means for forming a solution film to a process of forming 
an ArF photosensitive resin film 400 nm thick on an Si 
wafer (in-process substrate) of <|>200 mm (8-inch) in di- 
ameter. The photosensitive resin solution contains a 
1 .5% solid content. The Si wafer is provided with an 
antiref lection film for canceling light reflected on the sub- 
strate during ArF exposure according to a technique 
similar to the following. 

[0033] First, there has been measured a rotational fre- 
quency at which the photosensitive resin solution does 
not scatter outside the substrate on the outmost periph- 
ery (01 94 mm) thereof. From a stop state, the rotational 
frequency is increased gradually at a roll acceleration of 
100 rpm/sec to find a rotational frequency at which the 
photosensitive resin solution scatters outside the sub- 
strate. The photosensitive resin solution scattered out- 
side the substrate at 80 rpm. A rotational frequency wO 
= 60 rpm is set for the substrate's outer periphery so as 
not to exceed the centrifugal force at this time. Under 
this condition, there have been found a rotational fre- 
quency, a nozzle drive speed, and a solution discharge 
speed for the rotation drive control section with refer- 
ence to the process time. 

[0034] In this embodiment, the spiral solution film for- 
mation position advances toward the substrate's outer 
periphery in pitches of 0.4 mm every cycle. A solution 
feed rate vO is set to 0.4 cc/min at a distance r = 100 
mm from the substrate center. 

[0035] An area change rate dS/dr = 27 jc r is set at the 
distance r from the substrate center. An area change 
rate at the distance r from the substrate center is pro- 
portional to the distance r from the substrate center. It 
is necessary to let a ratio of a substrate radius rO (100 
mm in this embodiment) to a solution feed quantity qO 
equal a ratio of a distance r (mm) from the substrate 
center to a solution feed quantity q. 
[0036] Accordingly, the solution feed quantity q at dis- 
tance r from the substrate center must be: 



q = qOr/rO 



(1) 



15 



20 



25 



30 



35 



solution feed rate v (cc/min) at distance r from the sub- 
strate center and the solution feed quantity q. 



45 



50 



55 



q = v/w 



(2) 



[0038] According to equations (1 ) and (2), the follow- 
ing condition must be satisfied for finding the solution 
feed rate v and the rotational frequency w at distance r 
from the substrate center. 



v/w = (vO/wO) X (r/rO) 



(3) 



[0039] This embodiment assumes that the same rate 
of change be given to the solution feed rate v and the 
rotational frequency w. The following values are deter- 
mined at the distance r from the substrate center. 



v = vO/(rO/r) 



1/2 



w = wO(rO/r) 



1/2 



(4) 



(5) 



[0040] The following expresses a centrifugal force F 
applied to the solution film in af ine unit area with a radius 
r using a solution film degree c. 

- 2 
F = mrw 



= c(qOr/rO/27cr)rw' 



= c(qO/27crO)rw 

[0041] To make the centrifugal force F invariable, a 
constant C should be used as follows. 



1/2 



[0037] The following relation is fomned between the 



w = C/r 



[0042] When this equation is compared to the equa- 
tion (5), C can be assumed to be a constant. If an oper- 
ation is perfonned so that the equations (4) and (5) are 
satisfied with respect to the radius r. the solution film 
coating is available by keeping a constant centrifugal 
force to a solution film at a given radius r. 
[0043] FIGS. 3A to 3C depict nozzle positions (as- 
suming the center to be 0), the rotation drive control sec- 
tion's rotational frequencies, nozzle drive speeds, and 
solution discharge speeds with reference to the thus de- 
termined process times. These relations are pre-stored 
in the controller in advance. It may be preferable to store 
these relations in downstream control sections individ- 
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ualty. Then the photosensitive resin solution is applied 
to the in-process substrate. As shown in FIG. 4, the de- 
scription to follow uses a plus axis (+) to express the 
sanrte movennent as the nozzle movement direction 
when the solution is supplied. The reverse movement is 
expressed as a minus axis (-). 

[0044] First, the solution supply nozzle 122 is moved 
to a position -1 mm from the in-process substrate center. 
The solution block function 126a is adjusted so that it 
reaches a region of +0.2 mm or less. When the nozzle 
122 is positioned +0.2 mm or less, the solution block 
function 1 26a operates so that the photosensitive resin 
solution dropped from the nozzle 122 does not reach 
the substrate surface. 

[0045] Then, the drive system 121 drives the sub- 
strate support 120. The in-process substrate 100 starts 
rotating to keep the rotational frequency of 1 ,341 .6 rpm. 
A droplet amount of the photosensitive resin solution is 
adjusted so that the solution should be ejected from the 
solution supply nozzle at 0.01 8 cc/min. After the rota- 
tional frequency and the feed rate are stabilized, the so- 
lution supply nozzle starts moving toward the plus side 
at 31 mm/sec. When the center of the nozzle discharge 
opening Is positioned +0.2 mm or less, uniform veloci- 
ties are maintained for the substrate rotation, the nozzle 
movement, and the solution feed. When the center of 
the nozzle discharge opening reaches +0.2 mm, the ro- 
tation drive control section, the nozzle drive control sec- 
tion, and the solution supply pump are controlled ac- 
cording to FIGS. 3A to 3C. As shown in FIGS. 3A to 3C, 
the substrate's rotational frequency w is decreased as 
the solution supply nozzle moves approximately from 
the center of the substrate toward the outer periphery. 
In addition, the feed rate v is increased for the photo- 
sensitive resin solution supplied from the solution supply 
nozzle. The rotational frequency in FIG. 3A does not 
cause the photosensitive resin solution to be moved due 
to a centrifugal force. Accordingly, the photosensitive 
resin solution does not scatter outside the substrate. Al- 
though the centrifugal force should not move the photo- 
sensitive resin solution as mentioned above, this does 
not apply to the case where the photosensitive resin so- 
lution spreads due to fluidity. 

[0046] When the solution supply nozzle reaches 
above the solution block function at the substrate edge, 
the solution supply means stops supplying the solution, 
the solution supply nozzle stops, and the in-process 
substrate stops rotating to complete the solution film for- 
mation. It took about 150 seconds to process a single 
200-mm wafer. The solution film spirally formed during 
the process spreads and is combined to the adjacent 
solution film to form a solution film which covers the en- 
tire substrate except the edge. During the process, no 
photosensitive resin solution was ejected outward from 
the substrate. 

[0047] The substrate is then placed in the chamber 
and is exposed under almost the same pressure as a 
steam pressure for the solvent in the photosensitive res- 



in solution. The solvent is gradually removed to fomri a 
photosensitive resin film. 

[0048] According to the present invention, the feed 
rate v is increased for the solution supplied from the 

5 dropping section. The rotational frequency w for the in- 
process substrate is decreased so that the solution film 
does not move due to a centrifugal force applied to the 
dropped solution film. The solution film does not move 
near the center and at the outer periphery. The in-proc- 

10 ess substrate is free from a region where no solution 
film is formed around the center It is possible to form a 
uniform solution film. 

[0049] The present invention keeps the solution on 
the substrate except when a small amount of solution is 

*5 discarded just before and after the coating. It is possible 
to achieve a disposal amount within 1%. 
[0050] This embodiment has explained a process of 
forming a photosensitive resin film from the photosen- 
sitive resin solution and then the photosensitive resin 

20 solution film in order The present invention Is not limited 
to this usage. The present invention is also applicable 
to formation of a dielectric constant film from a solution 
containing a low-dielectric constant film material such 
as an organic siloxane solution, fomriation of a ferroe- 

25 lectrlc film from a solution containing a ferroelectric film 
material, formation of an electrode from solution con- 
taining an electrode material, and formation of a pattem 
transfer film. 

[0051] The rotational frequency wO is not limited to 60 

30 rpm at the outmost periphery of the substrate. Any value 
is specifiable as long as a small amount of solution does 
not overflow outside the substrate. In this embodiment, 
it may be preferable to use a value of 80 rpm or less. It 
may be also preferable to modify an interval of spiral 

35 solution film fonnation positions for each cycle and the 
solution feed rate vO with r = 100 mm depending on a 
desired film thickness and unifomnity. 
[0052] In FIG. 1 , there are provided two solution block 
functions for the start and stop sections. It may be pref- 

40 erable to use one solution block function for both pur- 
poses. In this case, the solution block function first 
blocks the solution around the substrate center before 
starting the movement. The solution block function then 
moves to the substrate edge prior to the nozzle and 

^5 waits for operation there. 

[Second Embodiment] 

[0053] This embodiment explains a technique for im- 

50 proving a film formation speed. 

[0054] For improving the film formation speed, this 
embodiment, as shown in FIG. 5, uses a nozzle having 
first and second solution baths 701 and 702 provided 
with first and second solution discharge openings 704 

55 and 705. These solution baths are separated by a par- 
tition plate 703. The first and second solution discharge 
openings 704 and 705 are arranged along the diameter 
direction. The first and second solution baths 701 and 
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702 are supplied with solution from first and second so- 
lution supply pipes 706 and 707. The first and second 
solution supply pipes 706 and 707 are connected to in- 
dependent solution supply punnps. It is possible to indi- 
vidually control solution discharge speeds f ronn the two 
solution discharge openings 704 and 705 by independ- 
ently controlling pressures of the respective solution 
supply pumps. Since the configuration of the entire ap- 
paratus is the same as that in FIG. 1, illustrations and 
an explanation of the configuration are omitted. 
[0055] In this embodiment, the present invention is 
applied to film fonnatlon of a solution containing a low- 
dielectric material. The low-dielectric material used con- 
tains polysiloxane. We aimed at forming an Inter-layer 
insulator with a thickness of 1 ,000 nm. The solution con- 
tains a 5% solid content. 

[0056] The solution used here contains a low-dielec- 
tric material. A technique similar to that for the first em- 
bodiment is used to find a rotational frequency at which 
the solution does not scatter outside the substrate at its 
outmost periphery (<|)194 mm). The result is 99 rpm. A 
rotational frequency wO = 90 rpm is set for the sub- 
strate's outer periphery so as not to exceed the centrif- 
ugal force at this time. Under this condition, there have 
been found a rotational frequency, a nozzle drive speed, 
and a solution discharge speed for the rotation drive 
control section with reference to the process time for 
each position. In this embodiment, as shown in FIG. 6, 
the spiral solution film formation position advances to- 
ward the substrate's outer periphery in pitches of 0.8 
mm every cycle. 

[0057] Experimental resu Its show that a rotational f re- 
quency of 82 rpnn does not scatter the solution contain- 
ing the low-dielectric material outside the substrate at 
the outmost periphery of a 300-mm wafer, the centrifu- 
gal force applied to a material is proportional to a dis- 
tance from the rotation center and the square of a rota- 
tional frequency. It is assumed that a distance from the 
rotation center is 100 mm and the rotational frequency 
is 1 00 rpm. For equalizing the centrifugal force at a dis- 
tance r (mm) from the rotation center on the solution film, 
it is necessary to set the rotational frequency to 
(1 ,000,000/R)^^2 Accordingly, it is assumed that the 
dropping section supplies droplets of solution at the out- 
most periphery of a disk-shaped substrate having a ra- 
dius of R (mm). When the substrate's rotational frequen- 
cy is set to a value smaller than the square root of 
1 ,000,000/R, the centrifugal force does not move the so- 
lution film while the solution is supplied. 
[0058] FIGS. 7A to 7C depict nozzle positions (as- 
suming the center to be 0), the rotation drive control sec- 
tion's rotational frequencies, nozzle drive speeds, and 
solution discharge speeds with reference to the process 
times. FIG. 7A assumes the center of the two solution 
discharge openings to be the nozzle position. The scale 
in FIG. 7C provides no difference between feed rates 
from the two solution discharge openings. Then, FIG. 8 
shows feed rates from the two solution discharge open- 



ings for process times between 0 and 5 seconds. 
[0059] These relations are stored in the controller in 
advance. It may be preferable to store these relations 
in downstream control sections individually. Then the 

5 solution containing the low-dtelectric material is applied 
to the in-process substrate. The description to follow us- 
es a plus axis (+) to express the same movement as the 
solution supply nozzle movement direction when the so- 
lution is supplied. The reverse movement Is expressed 

10 as a minus axis (-). 

[0060] First, the nozzle is moved to a position -1 mm 
from the in-process substrate center. The solution block 
function is adjusted so that it is positioned just under the 
nozzle. The solution block function blocks the solution 

15 discharged from the nozzle. 

[0061] The in-process substrate starts rotating to 
keep the rotational frequency of 2,01 2 rpm. Further, the 
nozzle is adjusted to a droplet rate of 0.030 cc/min. After 
the rotational frequency and the feed rate are stabilized, 

20 the solution supply nozzle and the solution block func- 
tion start moving toward the plus side at 243 mm/sec. 
Uniform velocities are maintained until the center of the 
nozzle discharge opening reaches the +0.2 mm point. 
When this center passes the +0.2 mm point, control has 

25 started to decelerate the rotation drive control section, 
decelerate the nozzle drive control section, and accel- 
erate the solution supply pump according to the rela- 
tions In FIGS. 7A to 7C and FIG. 8. Since the solution 
block function continues to move at a uniform velocity, 

30 the solution block function moves just under the solution 
supply nozzle. Then, the solution supply nozzle starts 
supplying the solution to the In-process substrate. The 
solution block function stops at the substrate edge and 
waits until the solution supply nozzle reaches it. When 

35 the solution supply nozzle is positioned just above the 
solution blockfunction waiting atthe substrate edge, the 
solution supply means stops supplying the solution, the 
solution supply nozzle stops, and the in-process sub- 
strate stops rotating to complete the solution film forma- 
te tion. It took about 53 seconds to process a single 
200-mm wafer. While the solution was supplied, no so- 
lution was ejected outward from the substrate. The so- 
lution film spirally fomned during the process spreads 
and is combined to the adjacent solution film to fomn a 

45 solution film which covers the entire substrate except 
the edge. 

[0062] The substrate is then placed in the chamber 
and is exposed under almost the same pressure as a 
steam pressure for the solvent in the solution. The sol- 
50 vent is gradually removed to form an inter-layer insula- 
tor. 

[0063] The conventional solution film formation 
moves the nozzle reciprocally and linearty by bridging 
the substrate, requiring an entrance region for every 
55 turn. This method ejects the solution outside the sub- 
strate at a disposal rate of 1 0% to 20% for the amount 
of solution supplied to the In-process substrate. The dis- 
posal rate is found by "the amount of solution ejected 
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outside the substrate" divided by "the feed quantity with- 
in the substrate". However, the present Invention dis- 
cards a small amount of solution just before and after 
the coating. It is possible to achieve a disposal amount 
within 1%. 

[0064] This embodiment has explained a process of 
forming an inter-layer insulator from the solution con- 
taining the tow-dielectric material and then the low-die- 
lectric solution film in order. The present invention is not 
limited to this usage. The present invention is also ap- 
plicable to formation of a resist film, an anti reflect! on 
film, and a ferroelectric film from the solution containing 
ferroelectric film material. 

[0065] The rotational frequency wO is not limited to 90 
rpm at the outmost periphery of the substrate. Any value 
is specifiable as long as a small amount of solution does 
not overflow outside the substrate. In this embodiment, 
it may be preferable to use a value of 95 rpm or less. It 
may be also preferable to modify an interval of spiral 
solution film formation positions for each cycle and the 
solution feed rate vO with r - 100 mm depending on a 
desired film thickness and uniformity. 
[0066] This embodiment uses the solution supply 
nozzle which can control feed rates for two discharge 
openings independently, but is not limited thereto. It may 
be preferable to use a solution supply nozzle in FIG. 9 
which provides the two discharge openings with the 
same feed rate simultaneously. In this case, the feed 
rate setting can be an average of solution feed rates 
from the first and second solution discharge openings 
according to the characteristic charts in FIGS. 7C and 
8. It is possible to form a solution film at this rate and 
provide a uniform film thickness by applying a shock to 
the solution film during a dry process. 
[0067] This embodiment uses the nozzle having two 
discharge openings, but is not limited thereto. It is pos- 
sible to use a nozzle having three or more discharge 
openings. 

[0068] The present invention is not limited to the 
above-mentioned embodiment. For example, the 
present invention is applicable to all film formation proc- 
esses including not only a semiconductor process of an- 
ti-reflection coating and resist coating used for the li- 
thography, and low-dielectric or ferroelectric material 
coating, but also a decorative process such as plating. 
[0069] It is further understood by those skilled in the 
art that various changes and modifications may be 
made in the present i nvention without departing from the 
spirit and scope thereof. 

[Third Embodiment] 

[0070] This embodiment relates to a technique of 
forming a light absorptive/reactive film for a compact 
disk recording medium (CD-R) used as a computer stor- 
age. This embodiment uses the same film formation ap- 
paratus as described for the first embodiment with ref- 
erence to FIG. 1 . 



[0071] An in-process substrate is 12 cm in diameter 
and ensures a region within ^ 40 mm (radius r = 0 to 20 
mm) from the center as a holding region where no film 
is formed. The technique according to the present In- 
5 ventlon is used to coat a region ranging from the radius 
r = 20 to 60 mm on this substrate with a light absorptive/ 
reactive film. 

[0072] Relations in FIGS. 1 0A to 1 0C are used to con- 
trol the solution supply nozzle, the in-process substrate 

10 rotational frequency, and the solution discharge speed. 
These relations are stored in the controller in advance. 
It may be preferable to store these relations in down- 
stream control sections individually. Then the light ab- 
sorptive/reactive material solution is applied to the tn- 

'5 process substrate. The description to follow uses a plus 
axis (+) to express the same movement as the nozzle 
movement direction when the solution is supplied. The 
reverse movement is expressed as a minus axis (-). 
[0073] First, the solution supply nozzle 122 is moved 

20 to a position +1 8 mm from the center of the in-process 
substrate 100. The solution block function 126a is ad- 
justed so that it reaches a region of +20 mm or less. 
When the nozzle 1 22 is positioned +20 mm or less, the 
solution block function 1 26a operates so that the solu- 

25 tion dropped from the solution supply nozzle 122 does 
not reach the surface of the in-process substrate 1 00. 
[0074] Then, the substrate support 1 20 is driven. The 
in-process substrate 1 00 starts rotating to keep the ro- 
tational frequency of 1 33.5 rpm. A droplet amount of the 

30 light absorptive/reactive material solution is adjusted so 
that the solution shou Id be ejected from the solution sup- 
ply nozzle 122 at the discharge rate of 0.003 cc/min. 
After the in-process substrate rotational frequency and 
the solution feed rate are stabilized, the solution supply 

35 nozzle 122 starts moving toward the plus side. When 
the center of the nozzle discharge opening is positioned 
+20 mm or less, uniform velocities are maintained for 
the substrate rotation, the nozzle movement, and the so- 
lution feed. The solution discharged in the meantime 

40 does not reach the substrate surface by inserting the 
solution block function 126a provided between the so- 
lution supply nozzle 122 and the in-process substrate 
100. 

[0075] When the center of the nozzle discharge open- 
45 ing reaches +20 mm, the rotation drive control section 
128, the nozzle drive control section 127, and the solu- 
tion supply pump 125 are controlled according to FIGS. 
1 0A to 1 0C. When the solution supply nozzle 1 22 reach- 
es above the solution block function 126b at the edge 
so of the substrate 100, the solution supply pump 125 
stops, the solution supply nozzle 122 stops, and the in- 
process substrate 1 00 stops rotating to complete the so- 
lution film fonmation. 

[0076] It took about 62 seconds to coat a single GD- 
55 R with the solution. The solution film spirally formed dur- 
ing the process spreads and is combined to the adjacent 
solution film to form a solution film which covers the en- 
tire substrate except the edge. During the process, no 
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solution was ejected outward from the substrate. 
[0077] The In-process substrate is then placed in the 
chamber and is exposed under almost the same pres- 
sure as a steam pressure for the solvent In the solution. 
The solvent is gradually removed to form a light absorp- 
tive/reactive film. 

[0078] This embodiment has explained a process of 
forming a light absorptive/reactive film on the CD-R. The 
present invention is not limited to this usage. The 
present invention is also applicable to coating on all 
types of disk-shaped substrates including a magnetic 
film for MiniDlscs (MD) and hard disks, a recording/re- 
producing layer for phase-change optical disks such as 
digital video disk RAM (DVD-RAM), a reflection film for 
original CD plates, and the like. The coating material is 
not limited to the light absorptive/reactive film. The coat- 
ing is also applicable to solution containing a magnetic 
or metallic material. The nozzle movement speed, the 
substrate rotational frequency, and the solution dis- 
charge rate with reference to the process time are not 
limited to the relations shown in FIGS. 1 0A to IOC. Any 
value is specifiable as long as the equations (1) to (5) 
are satisfied. In the equations (1) to (5), the constant 
100 can be expressed with a specific position along the 
diameter direction using the in-process substrate center 
as a reference point. The constant vO can be expressed 
with a solution feed rate at a specific position along the 
diameter direction using the in-process substrate center 
as a reference point. The constant wO can be expressed 
with an in-process substrate rotational frequency at a 
specific position along the diameter direction using the 
in -process substrate center as a reference point. 
[0079] The rotational frequency wO is not limited to 78 
rpm at the outmost periphery (r = 60 mm) of the sub- 
strate. Any value is specifiable as long as a small 
amount of solution does not overflow outside the sub- 
strate. In this embodiment, it may be preferable to use 
a value of 100 rpm or less. It may be also preferable to 
modify an interval of spiral solution film formation posi- 
tions for each cycle and the solution feed rate vO with r 
= 60 mm depending on a desired film thickness and uni- 
formity. 

[Fourth Embodiment] 

[0080] FIG. 1 1 schematically shows a configuration of 
a film fonnation apparatus according to a fourth embod- 
iment. The mutually con^esponding parts in FIGS. 11 
and 1 are designated by the same reference numerals. 
The description thereof is omitted. 
[0081] The in-process substrate 100 is mounted on 
the substrate support 1 20. The substrate support 1 20 is 
provided with the drive system 121 rotating at the sub- 
strate center. These are further mounted on a substrate 
support translation section 130 which can move front/ 
back viewed from FIG. 11 . 

[0082] Above the in-process substrate 100. there is 
provided, say, the solution supply nozzle 122 as shown 



in FIG. 2. A solution discharge from the solution supply 
nozzle is controlled by controlling the pressure of the 
solution supply pump located upstream of the nozzle. 
The solution supply nozzle is mounted on a nozzle 

5 transport function which can reciprocally move right/left 
viewed from FIG. 11 . Between the solution supply noz- 
zle and the in-process substrate there is provided a so- 
lution block function 126 which can move in the same 
direction as the movement of the solution supply nozzle. 

10 [0083] For easy understanding of the explanation be- 
low, the X-axis is used for expressing a trans lational 
drive direction of the substrate support 120 including the 
diameter of the in-process substrate 100. The Y-axis is 
used for expressing a trail of the discharge opening 

15 when the solution supply nozzle 122 is driven. The so- 
lution supply nozzle 122 lies at right angles to the sub- 
strate support 1 20. An intersection point between the X- 
axis and the Y-axis is referred to as an apparatus refer- 
ence point. The center of the circular In-process sub- 

20 strata is referred to as a substrate origin. The apparatus 
reference point is used as the origin (0,0) of X-Y coor- 
dinates. Positions are expressed in units of mm. 
[0084] This embodiment describes a technique of 
forming a solution film by using the fluidity of a supplied 

25 solution. As shown in FIG. 12, the nozzle transport func- 
tion reciprocally operates the nozzle across a linear 
coating region 1201 within <|)30 mm. At every turning 
point for the nozzle, a substrate support translation sec- 
tion 130 is operated to supply the solution onto the in- 

30 process substrate in parallel lines. The drive system 1 21 
is operated across a spiral coating region 1202 outside 
4) 30 mm to spirally supply the solution onto the in-proc- 
ess substrate 100. 

[0085] A substrate-handling arm is used to transfer 

35 the in-process substrate 100 on the substrate support 
1 20 and hold it. The In-process substrate 1 00 used here 
is an SI wafer in the middle of the semiconductor man- 
ufacturing process. Its substrate surface is flattened. 
[0086] First, the translation drive system 130 for the 

40 substrate support 1 20 is operated to position the sub- 
strate origin to (15.0) with reference to the apparatus 
reference point. Then, the solution block function 126 is 
placed between the solution supply nozzle 122 and the 
in-process substrate 100. With this state, the solution 

45 supply pump 1 25 Is operated to start discharging the so- 
lution from the solution supply nozzle 122. Pressure of 
the solution supply pump 125 is controlled so that a dis- 
charge rate becomes 0.0026 cc/sec. When the solution 
discharge becomes stable, the solution supply nozzle 

50 1 22 starts reciprocal movement along the Y-axis. At this 
time, the solution block function 126 placed between the 
solution supply nozzle 1 22 and the in-process substrate 
1 00 is moved in accordance with movement of the so- 
lution supply nozzle 122 so that the solution is not sup- 

55 plied outside a region within ^29.5 mm from the sub- 
strate origin. 

[0087] In this case, the solution supply nozzle 122 
performs a uniform motion at 36.6 cm/sec within the 
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(|>29.5 mm region from the substrate origin. The nozzle 
is decelerated at 150 m/sec^ outside the (1)29.5 mm re- 
gion and stops. Immediately thereafter, the nozzle is ac- 
celerated at 150 m/sec2 in the reverse direction and is 
controlled to operate at 36.6 cm/sec until the nozzle 
reaches the <|)29.5 mm region again. TTie substrate sup- 
port translation section 130 is moved for (-0.4,0) while 
the solution supply nozzle 1 22 is positioned outside the 
<() 29.5 mm region. 

[0088] With the substrate origin positioned to (-1 5,0). 
the in-process substrate starts rotation around the sub- 
strate origin by approximately maintaining the discharge 
rate (0.0026 cc/sec) In the linear coating region. When 
the rotational frequency reaches 160 rpm, the solution 
block* function 126 Is removed, initiating operations 
based on the relations in FIGS. 17A to 17C, Here, the 
process time is set to 0 when the spiral coating operation 
starts. A coating film has been formed in the spiral coat- 
ing region 1202 according to a trail as shown in FIG. 14. 
For easy understanding of trails, pitches and lines in 
FIGS. 13 and 14 are expressed by enlarging those ac- 
tually used for this embodiment. FIG. 1 5 shows a trail of 
the solution finally applied on the in-process substrate 
100. The pitch and the line are expressed by enlarging 
those actually used for this embodiment. 
[0089] The need to change discharge rates is elimi- 
nated by letting the discharge rate for the linear coating 
region almost equal the initial discharge rate for the spi- 
ral coating region. Changing a discharge rate wastes the 
solution discharged until the discharge rate becomes 
stable. Approximately equalizing the discharge rates 
with each other prevents the solution from being wasted. 
[0090] These operations enabled to form a solution 
film all over the ^200 mm surface. The linearly supplied 
solution film connects with the adjacent solution film dur- 
ing the process due to the fluidity, forming the solution 
film covering the entire substrate surface except the 
edge. During the process, no solution was ejected out- 
ward from the substrate. 

[0091] After the solution film is formed on the surface 
of the in-process substrate 100. this substrate is then 
placed in the chamber and is exposed under almost the 
same pressure as a steam pressure for the solvent in 
the solution. The solvent Is gradually removed to form 
a photosensitive resin film. 

[0092] The conventional solution film fonnation just 
moves the nozzle reciprocally and lineariy by bridging 
the substrate, requiring an entrance region for every 
turn. This method ejects the solution outside the sub- 
strate at a disposal rate of 1 0% to 20% for the amount 
of solution supplied to the in-process substrate. The dis- 
posal rate is found by "the amount of solution ejected 
outside the substrate" divided by "the feed quantity with- 
in the substrate". The present invention keeps the solu- 
tion on the substrate except when a small amount of so- 
lution is discarded just before and after the coating. It is 
possible to achieve a disposal amount within 1%. The 
present invention also Improves a film thickness anom- 



aly which slightly occurs at the center due to entirely spi- 
ral coating. 

[0093] This embodiment has explained a process of 
forming a photosensitive resin film from the photosen- 

5 sitive resin solution and then the photosensitive resin 
solution film in order. The present invention is not limited 
to this usage. The present invention is also applicable 
to formation of a dielectric constant film from a solution 
containing a low-dielectric constant film material such 

^0 as an organic siloxane solution, and fonmation of a fer- 
roelectric film from a solution containing a ferroelectric 
film material. 

[0094] The rotational frequency wO Is not limited to 60 
rpm at the outmost periphery of the substrate. Any value 

IS is specifiable as long as a small amount of solution does 
not overflow outside the substrate. In this embodiment, 
it may be preferable to use a value of 80 rpm or less. It 
may be also preferable to modify an interval of spiral 
solution film fomiation positions for each cycle and the 

20 solution feed rate vO (assumed value) with r = 1 00 mm 
depending on a desired film thickness and unifomnity. 
[0095] Unless the solution comes out of the in-proc- 
ess substrate, it may be preferable to change the coat- 
ing sequence as follows. 

25 

a) Spirally applying the solution from the outside to 
the Inside and then applying the solution in parallel 
lines at the center. 

b) Spirally applying the solution from the inside to 
30 the outside and then applying the solution in parallel 

lines at the center. 

c) Applying the solution in parallel lines at the center 
and then spirally applying the solution from the out- 
side to the inside. 

35 

[0096] It may be preferable to supply the solution in 
dots instead of in parallel lines. The total volume of so- 
lution In dots formed within the (t»29.5 mm region is the 
same as that supplied in parallel lines. If there is little 

40 variability in the thickness of the finally combined solu- 
tion film, it may be preferable to property set a droplet 
amount and dropping positions. FIG. 16 shows that the 
solution is supplied In dots within a dot coating region 
1601 including the in-process substrate center. The dot 

45 and line pitches and the spacing are expressed by en- 
larging the actual sizes. The thus supplied dots of solu- 
tion spread over the In-process substrate and overiap 
with each other to form an Integral solution film. 
[0097] At this time, instead of dropping the solution in 

50 dots by tuming on or off a pump operation, it is desirable 
to continuously drop the solution and partially block 
droplets of the solution by means of the solution block 
function 126 for supplying the solution in dots. Control- 
lability for the droplet amount is improved by blocking 

55 the solution for generating droplets rather than by tum- 
ing on or off the pump operation. 
[0098] In this embodiment, the boundary of the spiral 
coating region is set to <t)29.5 mm, but is not limited 
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thereto. It may be preferable to change this boundary 
according to capabilities of the solution supply pump, 
the rotation function, and the solution supply nozzle 
movement function. For decreasing the solution dispos- 
al amount, it is desirable to set the boundary near the 
substrate center as closely as possible. 

[Fifth Embodiment] 

[0099] This embodiment concerns how to modify pa- 
rameters when the solution supply pump reaches the 
limits of its capability in the fourth embodiment. Here, a 
pump pressure is used as a control parameter for sup- 
plying the solution. The nozzle was set to move 0.8 mm 
per rotation. The lower limit for the pump pressure con- 
trol was 1 kgf/cm2. It was expected that the process time 
of 7.5 seconds or shorter would cause the pressure to 
be 1 kgf/cm2 or less, making the pressure uncontrolla- 
ble. For the process time of 7.5 seconds or shorter, the 
discharge pressure was stabilized at 1 kgf/cm^. The ro- 
tational frequency was used for control so that the feed 
quantity per unit area becomes constant. Based on 
these conditions, there are detemnined substrate rota- 
tional frequencies, nozzle positions from the substrate 
center, and discharge rates with reference to process 
times as shown in FIGS. 1 8A to 1 8C. 
[0100] First, the translation drive system for the sub- 
strate support member is operated to position the sub- 
strate origin to (15,0) with reference to the apparatus 
reference point. Then, the solution block function 1 26 is 
arranged between the solution supply nozzle and the in- 
process substrate to start discharging the solution from 
the solution supply nozzle. The pump pressure is con- 
trolled so that the discharge pressure becomes 1 kgf/ 
cm2. When the solution discharge becomes stable, the 
solution supply nozzle starts reciprocal movement along 
the Y-axis. At this time, the solution block function 
placed between the solution supply nozzle and the in- 
process substrate is moved in accordance with move- 
ment of the solution supply nozzle so that the solution 
is not supplied outside a region within ^29,5 mm from 
the substrate origin. In this case, the solution supply 
nozzle performs a uniform motion at 1 9.7 cm/sec within 
the<|>29.5 mm region from the substrate origin. The noz- 
zle is decelerated at 150 m/sec^ outside the <|)29.5 mm 
region and stops. Immediately thereafter, the nozzle is 
accelerated at 150 m/sec2 in the reverse direction and 
is controlled to operate at 19.7 cm/sec until the nozzle 
reaches the ^29.5 mm region again. The substrate sup- 
port translation function is moved for (-0.4,0) while the 
solution supply nozzle is positioned outside the <t)29.5 
mm region. As shown in FIG. 13, when the substrate 
origin reaches (-15.0) after repetition of these opera- 
tions, a linear coating film can be fonmed within the <t>30 
mm region enclosed in the broken line. At this time, the 
solution block function 126 is inserted between the so- 
lution supply nozzle and the in-process substrate for 
temporarily blocking a solution supply. 



[0101] With the substrate origin positioned to (-1 5,0). 
the in-process substrate starts rotation around the sub- 
strate origin. When the rotational frequency reaches 1 55 
rpm. the solution block function 126 is removed, Initiat- 

5 ing operations based on the relations in FIGS. 18A to 
1 8C. Here, the process time is set to 0 when the spiral 
coating operation starts. The solution supply nozzle 
maintains a uniform pressure for the first 7.5 seconds. 
During this period, the rotational frequency is changed 

10 greatly. 7.5 seconds later, a film formation is performed 
by controlling the solution supply nozzle pressure and 
the rotational frequency. These operations enabled to 
form a solution film all over the $200 mm surface. The 
linearly supplied solution film connects with the adjacent 

15 solution film during the process due to the fluidity, fomri- 
ing the solution film covering the entire substrate surface 
except the edge. During the process, no solution was 
ejected outward from the substrate. 
[0102] The substrate is then placed in the chamber 

20 and is exposed under almost the same pressure as a 
steam pressure for the solvent in the solution. The sol- 
vent is gradually removed to form a photosensitive resin 
film. 

[0103] This embodiment concerns the recipe modifi- 
es cation when the solution supply pump control reaches 
the limits and the rotational frequency control has an al- 
lowance. Also when the rotational frequency control 
reaches the limits and the solution supply pump control 
has an allowance, the amount of change in the dis- 
30 charge pressure should be specified on the basis of the 
equations (1) to (5) by keeping the rotational frequency 
constant in the limiting region. In consideration of the 
limits on the solution supply pump control and the rota- 
tional frequency control, it may be preferable to change 
35 the distribution of loads on the controls using any value 
"a" as in the following equations (6) and (7). 

V = vO X a/(R/r)^^^ (6) 

40 

1 

W = WO/a X (R/r)''^ (7) 

45 P = {PO X a/(FUry^r 

[0104] where vO and WO denote the solution feed rate 
and the rotational frequency for radius R mm, respec- 
tively. When the pressure is controlled, diameter V in 
the equation (6) could be defined as follows with respect 
to the solution discharge pressure PO for the radius R 
mm of the solution supply pump. 
[0105] The conventional solution film formation just 
moves the nozzle reciprocally and linearly by bridging 
the substrate, requiring an entrance region for every 
turn. This method ejects the solution outside the sub- 
strate at a disposal rate of 10% to 20% for the amount 
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of solution supplied to the in-process substrate. The dis- 
posal rate Is found by "the amount of solution ejected 
outside the substrate" divided by "the feed quantity with- 
in the substrate". The present invention keeps the solu- 
tion on the substrate except when a small amount of so- s 
lution is discarded just before and after the coating. It is 
possible to achieve a disposal amount within 1%. The 
present invention also improves a film thickness anom- 
aly which slightly occurs at the center due to entirely spi- 
ral coating. io 
[0106] This embodiment has explained a process of 
forming a photosensitive resin film from the photosen- 
sitive resin solution and then the photosensitive resin 
solution film in order. The present invention is not limited 
to this usage. The present invention is also applicable fs 
to formation of a dielectric constant film from solution 
containing a low-dielectric constant film material such 
as an organic sitoxane solution, and formation of a fer- 
roelectric film from a solution containing a ferroelectric 
film material. 20 
[01 07] The rotational frequency wO is not limited to 60 
rpm at the outmost periphery of the substrate. Any value 
is specifiable as long as a small amount of solution does 
not overflow outside the substrate. In this embodiment, 
it may be preferable to use a value of 80 rpm or less. It 25 
may be also preferable to modify an interval of spiral 
solution film formation positions for each cycle and the 
solution feed rate vO with r = 1 00 mm depending on a 
desired film thickness and uniformity. 

[0108] Unless the solution comes out of the in-proc- 30 
ess substrate, it may be preferable to change the coat- 
ing sequence as follows. 

a) Spirally applying the solution from the outside to 

the inside and then applying the solution in parallel 35 
lines at the center. 

b) Spirally applying the solution from the inside to 
the outside and then applying the solution in parallel 
lines at the center. 

c) Applying the solution in parallel lines at the center 40 
and then spirally applying the solution from the out- 
side to the inside. 

[0109] It may be preferable to supply the solution in 
dots instead of in parallel lines. The total volume of so- 
lution in dots fomned within the (|>29.5 mm region is the 
same as that supplied In parallel lines. If there is little 
variability in the thickness of the finally combined solu- 
tion film, it may be preferable to properly set a droplet 
amount and dropping positions. so 
[01 1 0] In this embodiment, the boundary of the spiral 
coating region is set to ^29.5 mm, but is not limited 
thereto. It may be preferable to change this boundary 
according to capabilities of the solution supply pump, 
the rotation function, and the solution supply nozzle 
movement function. For decreasing the solution dispos- 
al amount, it Is desirable to set the boundary near the 
substrate center as closely as possible. 



Claims 

1 . A method of forming a solution film on an in-process 
substrate by using a dropping section (122) for 
dropping liquid and an in-process substrate (100) 
just under said dropping section (122), maintaining 
the liquid dropped from said dropping section (1 22) 
on said in-process substrate (100), and relatively 
moving said in-process substrate (100) or said 
dropping section (122), characterized in that 

relative movement between said in-process 
substrate (1 00) and said dropping section (1 22) 
means rotating said substrate and relatively 
moving said dropping section (122) from an In- 
ner periphery of said substrate toward an outer 
periphery of said substrate; 
relative movement between said in-process 
substrate (1 00) and said dropping section (1 22) 
means rotating said substrate and relatively 
moving said dropping section (122) from an in- 
ner periphery of said substrate toward an outer 
periphery of said substrate for spirally dropping 
said liquid on said in-process substrate (100) ; 
rotational frequency w for said substrate Is de- 
creased so that a centrifugal force applied to a 
dropped solution film should not move said 
dropped solution film in accordance with rela- 
tive movement of said dropping section (122) 
from the inner periphery of said in-process sub- 
strate (100) toward the outer periphery and 
feed rate v for said liquid from said dropping 
section (122) is increased to forni a solution film 
on said In-process substrate (100); 
otherwise, 

relative movement between said in-proc- 
ess substrate (100) and said dropping section 
(122) means rotating said substrate and rela- 
tively moving said dropping section (122) from 
said outer periphery of said substrate toward 
said inner periphery of said substrate; 
relative movement between said In-process 
substrate (1 00) and said dropping section (1 22) 
means rotating said substrate and relatively 
moving said dropping section (122) from an 
outer periphery of said substrate toward an in- 
ner periphery of said substrate for spirally drop- 
ping said liquid on said in-process substrate 
(100); and 

rotational frequency w for said substrate is in- 
creased so that a centrifugal force applied to a 
dropped solution film should not move said 
dropped solution film In accordance with rela- 
tive movement of said dropping section (122) 
from the outer periphery of said In-process sub- 
strate (1 00) toward the inner periphery and feed 
rate v for said liquid from said dropping section 
(122) is decreased to form a solution film on 
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said in-process substrate (100). 

2. The film formation method according to claim 1 . 
characterized in that when said dropping section 
{ 1 22) is positioned to distance r from a center of said 
in-process substrate (1 00), feed rate v for said liquid 
from said dropping section (122) is determined in 
accordance with rotational frequency w for said in- 
process substrate (1 00) so that a constant value is 
maintained for the product of rotational frequency 
w by feed rate v of said substrate support. 

3. The film formation method according to claim 2. 
characterized in that rotational frequency wO is as- 
sumed for an in-process substrate (100) when said 
dropping section (122) is positioned to radius R on 
said in-process substrate (100) and feed rate vO is 
assumed for said liquid when said dropping section 
(1 22) is positioned to distance r from a center of said 
in-process substrate (1 00) center; and 

when said substrate is positioned to said dis- 
tance r, rotational frequency w for said substrate is 
detemnined by the product of the square root of (R/ 
r) by wO and feed rate v is detemnined by vO divided 
by the square root of (R/r). 

4. The film formation method according to claim 1, 
characterized in that when said in-process sub- 
strate (100) is a disk-shaped substrate with radius 
R (mm), said dropping section (122) drops liquid at 
the outmost periphery of said substrate and a rota- 
tional frequency (rpm) for said substrate is smaller 
than the square root of 1 ,000,000/R. 

5. The film formation method according to claim 4, 
characterized in that when said in-process sub- 
strate (100) is a disk-shaped substrate 200 mm in 
diameter, said dropping section (122) drops liquid 
at the outmost periphery of said substrate and a ro- 
tational frequency for said substrate is 99 rpm or 
less. 

6. The film fonnation method according to claim 4. 
characterized in that when said In-process sub- 
strate (100) Is a disk-shaped substrate 300 mm in 
diameter, said dropping section (122) drops liquid 
at the outmost periphery of said substrate and a ro- 
tational frequency for said substrate is 81 rpm or 
less. 

7. The film fonnation method according to claim 1 , 
characterized in that relative movement of said 
dropping section (122) from an Inner periphery to 
an outer periphery or from an outer periphery to an 
inner periphery of said in-process substrate (100) 
is controlled to move for a specified pitch per revo- 
lution of said substrate. 
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8. The film formation method according to claim 1 , 
characterized in that said dropping section (122) 
includes a plurality of discharge openings for dis- 
charging liquid; and 
5 a discharge rate of said dropping section 

(122) and a rotational frequency of said in-process 
substrate (100) are determined by an average of 
displacements for a plurality of discharge openings. 

10 9. The film formation method according to claim 1 . 
characterized in that relative movement of said 
dropping section (122) from the inner periphery of 
said in-process substrate (1 00) toward the outer pe- 
riphery corresponds to the relative movement of 

15 said in-process substrate (100) from an approxi- 
mate center toward the outer periphery; and 

relative movement of said dropping section 
(122) from the outer periphery of said in-process 
substrate (100) toward the inner periphery corre- 

20 sponds to relative movement of said in-process 
substrate (1 00) from the outer periphery toward an 
approximate center. 

10. The film formation method according to claim 1, 
25 characterized in that a region including an approx- 
imate center of said in-process substrate (100) is 
used in such a manner that said dropping section 
(122) moves in a column direction from one end to 
the other in said region including an approximate 

30 center and moves in a row direction outside said 
region including an approximate center based on 
the relative movement between said in-process 
substrate (100) and said dropping section (122). 
and said dropping section (122) supplies said in- 

35 process substrate (1 00) with solution at feed rate v* 
to form a solution film. 

11. The film formation method according to claim 1, 
characterized in that said feed rate v' is set so that 

40 it almost equals feed rate v for liquid spirally 
dropped just outside said region including an ap- 
proximate center. 

12. The film fonnation method according to claim 1, 
45 characterized In that a region including an approx- 
imate center on said in-process substrate (1 00) pre- 
vents a solution film from moving due to a centrifu- 
gal force applied to a dropped solution film by par- 
tially blocking liquid discharged from said dropping 

50 section (1 22) so as not to reach said in-process sub- 
strate (100) for droplet amount adjustment. 

13. The film fonnation method according to claim 1, 
characterized in that said liquid is one selected 

55 from the group consisting of a solution containing 
anti-reflection used for an exposure process, a so- 
lution containing photosensitive material, a solution 
containing low-dielectric material, a solution con- 
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taining ferroelectric material, a solution containing 
electrode material, solution containing pattern 
transfer material, a solution containing magnetic 
material used for a disk-shaped storage medium, 
and a solution containing a light absorptive/reactive s 
material used for a disk-shaped storage medium. 

14. The film formation method according to claim 1, 
characterized in that said in-process substrate 
(100) with said solution film formed thereon is ex- io 
posed under a pressure lower than a steam pres- 
sure at a process temperature for a solvent in said 
solution film, and said solvent is dried and removed 

to form a solid layer. 

15 

15. The film formation method according to claim 14, 
characterized in that said fonned solution film is 
dried with vibration applied to fomn a solid layer hav- 
ing an almost flat surface. 

20 

16. The film formation method according to claim 1, 
characterized in that said in-process substrate 
(100) with said solution film formed thereon is ex- 
posed to a current of air to dry and remove solvent 

In said solution film for fomiing a solid layer. 25 

17. The film formation method according to claim 16, 
characterized in that said fonned solution film is 
dried with vibration applied to form a solid layer hav- 
ing an almost flat surface. 30 

18. A method of manufacturing a semiconductor ele- 
ment for forming said solid layer on said in-process 
substrate (100) by using the film fomnatlon method 
described in claim 14, characterized in that 35 

said in-process substrate (100) is a semicon- 
ductor substrate and said solid layer is selected 
from at least one of an anti-reflection photosensitive 
film used for an exposure process, a low-dielectric 
film, an inter-layer insulator, a ferroelectric film, an 40 
electrode, and a pattern transfer film. 

1 9. A semiconductor element formed by using the sem> 
iconductor element manufacturing method de- 
scribed in claim 18, characterized in that said 
semiconductor element includes at least one of an 
anti-reflection photosensitive film used for an expo- 
sure process, a low-dielectric film, an inter-layer in- 
sulator, a ferroelectric film, an electrode, and a pat- 
tern transfer film on said semiconductor substrate, so 

20. The method of manufacturing a semiconductor el- 
ement forming said solid layer on said in-process 
substrate (100) by using the film fonnation method 
described in claim 16, characterized In that ss 

said In-process substrate (100) Is a semicon- 
ductor substrate and said solid layer is selected 
from at least one of an anti-reflection photosensitive 



film used for an exposure process, a low-dielectric 
film, an inter-layer insulator, a ferroelectric film, an 
electrode, and a pattern transfer film. 

21. The semiconductor element fonmed by using the 
semiconductor element manufacturing method de- 
scribed in claim 20, characterized In that said 
semiconductor element includes at least one of an 
anti-reflection photosensitive film used for an expo- 
sure process, a low-dielectric film, an inter-layer in- 
sulator, a ferroelectric film, an electrode, and a pat- 
tern transfer film on said semiconductor substrate. 

22. The method of manufacturing a disk-shaped stor- 
age medium forming said solid layer on said in- 
process substrate (100) by using the film formation 
method described in claim 14, characterized in 
that said solid layer Is a magnetic film or a light ab- 
sorbent/reactive film. 

23. The method of manufacturing a disk-shaped stor- 
age medium forming said solid layer on said In- 
process substrate (100) by using the film formation 
method described In claim 16, characterized in 
that 

said solid layer is a magnetic film or a light 
absorptive/reactive film. 
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